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Objective: To study the cardiac geometric changes after transcatheter closure of large atrial septal defects
(ASDs) according to patient age at the time of the procedure.
Design: Prospective echocardiographic follow-up study.
Setting: Tertiary referral centre.
Patients and intervention: 25 asymptomatic patients younger than 16 years (median 8 years; group 1)
and 21 asymptomatic adults (median 38 years; group 2) underwent percutaneous closure of large ASD
with the Amplatzer septal occluder device (mean 25 (SD 7) mm).
Main outcome measures: Cardiac remodelling was assessed by M mode and two dimensional
echocardiography one and six months after ASD closure.
Results: By six months, right atrial volume decreased from 31 (15) to 19 (5) ml/m2 (p , 0.001) and right
ventricular (RV) transverse diameter decreased from 29.8 (8.6) to 23.2 (5.6) mm/m2 (p , 0.001).
Conversely, left atrial volume did not change significantly (from 18 (6) to 20 (6) ml/m2, NS) and left
ventricular (LV) transverse diameter increased from 27.8 (6.4) to 31.8 (7.3) mm/m2 (p , 0.05).
Ventricular remodelling resulted in an RV:LV diameter ratio decrease from 1.1 (0.2) to 0.7 (0.1)
(p , 0.001). The magnitude and time course of cardiac remodelling did not differ significantly between
the age groups. Indeed, right atrial volume decreased by 33 (26)% versus 37 (23)%, RV diameter
decreased by 26 (10)% versus 20 (13)%, LV diameter increased by 17 (15)% versus 15 (10)%, and RV:LV
diameter ratio decreased by 36 (8)% versus 27 (15)% in groups 1 and 2, respectively.
Conclusions: Cardiac remodelling after percutaneous ASD closure seems to be independent of the
patient’s age at the time of the procedure up to early adulthood. Thus, postponing ASD closure for a few
years may be a reasonable option for potentially suitable asymptomatic children.

A
trial septal defect (ASD) is a leading cause of chronic
right chamber volume overload.1 2 Progressive right
chamber dilatation is a major predictor of long term

arrhythmias and left ventricular (LV) functional impairment,
affecting cardiac performance even in asymptomatic adult
patients.3–7 It is widely accepted that the more prolonged the
volume overload, the less complete the cardiac remodelling
after ASD closure. Thus, early treatment of this malformation
during infancy has been suggested.8 Over time, the transcath-
eter approach evolved as a reliable and safe alternative to
surgery in both paediatric and adult patients.9 10 Although this
approach may be safely and successfully performed even in
very young children, its failure rate may not be negligible in this
subset of patients.11–13 In addition, the long term mechanical
impact of a relatively stiff prosthesis inside a growing heart is
not completely known and is being extensively investigated.14 15

Lastly, postponing the procedure for a few years may make the
difference between the transcatheter and the surgical option in
younger, smaller patients. To date, no study has specifically
addressed age related cardiac remodelling after percutaneous
closure of large ASDs, comparing the extent and time course of
these changes between asymptomatic paediatric and young
adult patients. These data may help clinical decision making on
the timing of percutaneous ASD treatment in the era of device
closure.

METHODS
Patient population
Between March 2000 and March 2004, 46 patients with a
large ASD (that is, stretched diameter . 20 mm or invasive

pulmonary to systemic flow ratio . 1.5:1) underwent
transcatheter closure at our institution. On the basis of
patient age at the time of the procedure, two groups (group 1,
patients , 16 years, n = 25; group 2, adults, n = 21) were
identified. Table 1 summarises clinical and haemodynamic
data of both the whole population and the age subgroups.
Neither paediatric nor adult patients were symptomatic,
having had the ASD diagnosed during routine screening.

Interventional procedure
All patients or children’s parents provided informed consent
for the interventional procedure. ASDs were closed under
continuous transoesophageal echocardiographic monitoring
with a 5 MHz multiplane probe (Acuson Sequoia; Acuson
Corporation, Mountain View, California, USA). In all
instances, the Amplatzer septal occluder device (AGA
Medical Corporation, Golden Valley, Minnesota, USA) was
used. The ASD was sized by the pulling technique (large
occlusion balloon; Meditech, Boston Scientific Cork, Cork,
Ireland), with the occluding device chosen to be within 2 mm
of the balloon stretched diameter. After a complete haemo-
dynamic evaluation, the device was delivered through its
specific sheath as previously described.9 10 16–18 Aspirin treat-
ment (3–5 mg/kg) was started 24 hours before ASD closure
and continued for six months.

Abbreviations: ASD, atrial septal defect; LV, left ventricular; RV, right
ventricular
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Echocardiographic data collection
All echocardiographic studies were performed by two
experienced observers (MP, SC) with a Sequoia C256 system
(Acuson Corporation) equipped with a 3V2c or 7V3c probe
before and one and six months after device implantation.
Images were acquired and digitally stored for offline analysis
at the end of each study. The observers were blinded to the
previous ultrasound data. Echocardiographic measurements
were averaged from three consecutive beats. Right ventricular
(RV) and LV dimensions were assessed by M mode in the
parasternal long axis view and by two dimensional B mode in
the four chamber view, according to the recommendations of
the American Society of Echocardiography.19 Values were
indexed for body surface area. The RV to LV diameter ratio
(RV:LV) was calculated from both M mode and two
dimensional measurements. LV ejection fraction was derived
by the Teichholz formula.20 Left atrial anteroposterior
dimension was assessed at end systole by M mode in the
parasternal long axis view. In the four chamber view, both
right atrial and left atrial dimensions were obtained by two
dimensional echocardiography as end systolic mediolateral
and superoinferior diameters. Atrial volume was then derived
by a length–diameter ellipsoid method and indexed for body
surface area.3 21 Echocardiographic data and the time course
of cardiac remodelling after ASD closure were analysed both
pooled and after the population was divided into two
subgroups according to patient age at the time of the
procedure.

Statistical analysis
Data were statistically analysed by SPSS for Windows release
11.0 (SPSS, Chicago, Illinois, USA). Results are expressed as
mean (SD). Groups were compared by the x2 test. Multiple
stages were compared by one way analysis of variance. When
differences were found, interstage data were compared by the
Bonferroni test. Age subgroups were compared by the
independent sample t test. Differences were considered
significant at p , 0.05 (two sided). Linear regression analysis
and partial correlation test by Pearson’s method were done to
assess univariate relationships.

RESULTS
Transcatheter ASD closure was successfully performed in all
patients with the Amplatzer septal occluder device (mean
diameter 25 (SD 7) mm, range 11–38, median 24), achieving
a complete occlusion in 100% of patients at six months after
the procedure.

Echocardiographic changes
ASD closure caused pronounced early cardiac remodelling
(fig 1), with a trend that steadily continued over the next few
months (table 2). By six months, both right atrial volume and
RV diameters had decreased significantly, whereas left atrial
volume had not changed and LV diameters had increased.
Ventricular remodelling resulted in a similar and significant
decrease of the RV:LV diameter ratio on two dimensional
(from 1.1 (0.2) to 0.7 (0.1), p , 0.001) and M mode analyses
(from 0.9 (0.2) to 0.6 (0.1), p , 0.001). At six months, RV
dimension had not decreased in three patients (two patients
, 16 years, one patient . 16 years) as derived by either two
dimensional or M mode echocardiography. After ASD
closure, LV ejection fraction increased from 62 (15)% to 68
(10)% (NS).

Age related cardiac remodelling
The extent of right chamber volume overload relief did not
differ significantly between paediatric and adult patients,
with chamber size reverting to normal within a few weeks
(table 3).22 By six months, right atrial volume had decreased
by 33 (26)% in group 1 (p , 0.001 v before closure) and by 37
(23)% in group 2 (p , 0.001 v before closure), RV transverse
diameter had decreased by 26 (10)% in group 1 (p , 0.001 v
before closure) and 20 (13)% in group 2 (p , 0.001 v before
closure), and LV transverse diameter had increased by 17
(15)% in group 1 (p , 0.05 v before closure) and 15 (10)% in

Table 1 Clinical and haemodynamic data according to
the patients’ age at the procedure

Variable
Total
population Group 1 Group 2 p Value*

Age (years) 22 (18) 9 (4) 38 (15) NA
Body surface area (m2) 1.4 (0.4) 1.2 (0.2) 1.7 (0.1) ,0.001
ASD stretched diameter
(mm)

23 (7) 20 (6) 27 (6) ,0.05

Mean PA pressure
(mm Hg)

22 (6) 23 (6) 21 (6) NS

Qp:Qs 2.2 (0.9) 2.2 (0.9) 2.2 (1.0) NS

Data are mean (SD).
*Group 1 v group 2.
ASD, atrial septal defect; NA, not applicable; PA, pulmonary artery; Qp,
pulmonary blood flow; Qs, systemic blood flow.

Figure 1 Cardiac volumetric
unloading after percutaneous atrial
septal defect (ASD) closure. (A) Right to
left volumetric unbalance is clearly
evident before ASD closure and (B) is
almost completely reverted six months
after the procedure. LV, left ventricle;
RV, right ventricle. *Amplatzer septal
occluder device.
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group 2 (p , 0.05 v before closure). These changes resulted
in a decrease in RV:LV diameter ratio by 36 (8)% in group 1
(p , 0.001 v before closure) and by 27 (15)% in group 2
(p , 0.001 v before closure; NS between groups). In addition,
no difference between groups was found in the time course of
RV diameter index and RV:LV diameter ratio decrease (fig 2)
after ASD closure. Lastly, a similar correlation between the
preprocedural RV:LV diameter ratio and its decrease after
shunt disappearance was found in both of the age groups
either on M mode (group 1: y = 0.0826 620.377,
r2 = 0.778; group 2: y = 0.735 620.362, r2 = 0.712) and
two dimensional analysis (group 1: y = 0.575 620.241,
r2 = 0.488; group 2: y = 0.925 620.685, r2 = 0.912).

DISCUSSION
Natural history studies have shown that right chamber
volume overload caused by atrial shunt tends to increase
progressively over time, thereby affecting cardiac perfor-
mance even in asymptomatic patients.4–7 Thus, the target of
ASD closure is either to treat symptoms or to prevent this
progressive cardiac enlargement in asymptomatic patients.
There is no doubt that symptomatic patients should undergo
ASD closure as soon as possible, regardless of age.
Asymptomatic patients should be treated as well, because
of a favourable functional impact of ASD closure on cardiac
geometry and performance.6 7 The timing of ASD closure in
this subset of patients, however, needs to be readdressed in
the device era for several reasons. Firstly, the benefits of early
ASD closure in childhood over young adulthood are less clear
in the asymptomatic patient, in which case the benefits have
to be weighed against the potential risks associated with
device implantation. In fact, although percutaneous closure
may be safe and successful even in very young children, the
failure rate of this option may be as high as 16% in this subset
of patients.11–13 In addition, the long term mechanical impact
of a quite rigid device inside a growing heart is poorly
understood. A recent retrospective study showed that a high
device diameter to patient size ratio was an independent risk
factor for the development of atrioventricular block after
percutaneous ASD closure with the Amplatzer septal occluder
device.15 Secondly, to date no studies have specifically shown
an increased risk of late arrhythmias or heart failure in
patients undergoing ASD closure in early adulthood com-
pared with childhood. Moreover, although early striking
volumetric changes have been consistently reported, very few
and conflicting data are available on cardiac remodelling
after percutaneous ASD closure in children and young adults

depending on volume overload duration.7 16–18 23 Indeed, Du et
al16 reported only a weak negative correlation between age
and RV dimensional changes 24 hours after ASD closure.
Kort et al18 found that age at the time of the procedure had no
effect on RV remodelling and only a weak effect on right
atrial remodelling at the 12 month follow up. On the basis of
these scanty and conflicting data, postponing the percuta-
neous ASD closure for a few years may be advisable for
younger patients.

In agreement with previous studies, our data showed that
transcatheter closure caused early and striking cardiac
volumetric changes.7 16–18 23 By six months, right chamber
size reverted to normal and this cardiac remodelling resulted
in a 12% increase of LV ejection fraction. In our series, the
extent and time course of these changes were not affected by
the patient’s age at the time of the procedure. In fact, we

Table 2 Echocardiographic data before and after atrial
septal defect closure in the whole population

Variable
Before
closure

After closure

p Value*1 month 6 months

RA volume (ml/m2) 31 (15) 20 (7) 19 (5) ,0.001
LA volume (ml/m2) 18 (6) 18 (5) 20 (6) NS
RV diameter (mm/m2)

2D 29.8 (8.6) 25.9 (6.4) 23.2 (5.6) ,0.001
M mode 24.8 (6.6) 19.2 (4.6) 18.1 (4.1) ,0.001

LV diameter (mm/m2)
2D 27.8 (6.4) 31.9 (7.3) 31.8 (7.3) ,0.05
M mode 28.6 (6.0) 33.4 (7.9) 33.3 (7.3) ,0.01

RV:LV
2D 1.1 (0.2) 0.8 (0.1) 0.7 (0.1) ,0.001
M mode 0.9 (0.2) 0.6 (0.1) 0.6 (0.1) ,0.001

LVEF (%) 62 (15) 68 (9) 68 (10) NS

Data are mean (SD).
*Six months v before.
2D, by two dimensional echocardiography; LA, left atrial; LV, left
ventricular; LVEF, left ventricular ejection fraction; M mode, by M mode
echocardiography; RA, right atrial; RV, right ventricular

Table 3 Echocardiographic measurements according to
the patient age at the time of the procedure

Variable Group 1 Group 2 p Value*

RA volume (ml/m2)
Before 30 (18) 32 (11)
1 month 18 (6) 22 (9)
6 months 20 (6) 19 (7)
Decrease (%) 33 (26) 37 (23) NS
p Value (within groups) ,0.05 ,0.01

LA volume (ml/m2)
Before 18 (6) 20 (5)
1 month 18 (5) 20 (6)
6 months 20 (5) 19 (7)
p Value (within groups) NS NS

RV diameter index (2D) (mm/m2)
Before 34.2 (9.4) 25.1 (3.8)
1 month 29.6 (6.1) 21.3 (2.8)
6 months 25.7 (6.6) 20.2 (1.7)
Decrease (%) 26 (10) 20 (13) NS
p Value (within groups) ,0.01 ,0.001

RV diameter index (M mode) (mm/m2)
Before 26.3 (8.0) 22.9 (3.7)
1 month 20.4 (5.1) 17.4 (3.3)
6 months 19.1 (4.3) 16.9 (3.3)
Decrease (%) 23 (15) 30 (16) NS
p Value (within groups) ,0.001 ,0.001

LV diameter index (2D) (mm/m2)
Before 31.9 (6.3) 23.1 (2.2)
1 month 36.4 (6.6) 26.3 (2.6)
6 months 36.3 (7.1) 26.3 (1.8)
Increase (%) 17 (15) 15 (10) NS
p Value (within groups) ,0.01 ,0.01

LV diameter index (M mode) (mm/m2)
Before 31.6 (6.5) 25.1 (2.7)
1 month 37.4 (8.0) 28.1 (3.0)
6 months 37.6 (7.3) 28.1 (3.2)
Increase (%) 22 (13) 11 (8) NS
p Value (within groups) ,0.001 ,0.01

RV:LV (2D)
Before 1.1 (0.2) 1.1 (0.2)
1 month 0.8 (0.1) 0.8 (0.1)
6 months 0.7 (0.1) 0.8 (0.1)
Decrease (%) 36 (8) 27 (15) NS
p Value (within groups) ,0.001 ,0.001

RV:LV ratio (M mode)
Before 0.8 (0.2) 0.9 (0.2)
1 month 0.6 (0.1) 0.6 (0.2)
6 months 0.5 (0.1) 0.6 (0.1)
Decrease (%) 37 (13) 33 (17) NS
p Value (within groups) ,0.001 ,0.001

LVEF increase (%)
Before 63 (13) 61 (18)
1 month 69 (8) 67 (11)
6 months 70 (6) 64 (15) NS
p Value (within groups) ,0.001 NS

Data are mean (SD).
*Between groups.
2D, by two dimensional echocardiography; LA, left atrial; LV, left
ventricular; LVEF, left ventricular ejection fraction; M mode, by M mode
echocardiography; RA, right atrial; RV, right ventricular
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found a similar and significant relationship between pre-
closure volume overload and six month cardiac remodelling
in both age groups. The time course was also age indepen-
dent, with most of the cardiac remodelling developing within
one month after ASD closure. Our data partially contradict
previous studies showing an age dependence of the cardiac
remodelling potential, after either surgical or percutaneous
ASD closure.16–18 24–27 These studies did not, however, detail
the demographic and haemodynamic data of the adult
groups. Thus, it is possible that the mean age, as well as
the pulmonary artery pressure, of their ‘‘adult’’ populations
was higher than that of ours. In fact, the cardiac remodelling
potential may be partially lost in very old patients due to
a progressive myocardial fibrosis seen with ageing or
longlasting pulmonary hypertension.28 This has been found

in experimental models as well as in patients with combined
pressure–volume overload by using back scattering ultra-
sound analysis.28 29 This hypothesis is also in agreement with
previous echocardiographic studies that found a significant
impairment of cardiac remodelling capacity in very old
patients compared with younger adults after either surgical
or percutaneous ASD closure.27 30 Conversely, a normal
remodelling potentiality is expected in patients with ASD
without pulmonary hypertension up to early adulthood, as
highlighted by the lack of cardiac ultrastructural abnormal-
ities seen in back scattering ultrasound analysis of pure right
chamber volume overload.29 Thus, the cardiac remodelling
capacity conceivably would not be affected by the volume
overload itself but by combined volume and pressure over-
load resulting from a progressive pulmonary vasculopathy
complicating a longlasting atrial shunt.

Study limitations
The study goal of improving the timing of percutaneous ASD
closure in asymptomatic children may be hampered by two
major theoretical limitations. Firstly, non-randomised patient
enrolment introduced a potentially significant selection
bias—that is, the older patients may have had a more
favourable disease course than that of patients undergoing
device closure at a younger age. This thesis is disproved by
the lack of symptoms, as well as a similar haemodynamic
burden, in both our age groups. Secondly, this study focused
on geometric cardiac remodelling after ASD closure, which is
only one of the reasons for treatment. It did not address the
potential risk of pulmonary vascular disease and atrial
arrhythmias, which can be associated with treatment
deferral. As inferred from natural history studies, however,
the potential of these chronic complications is negligible up
to early adulthood and they should be weighed against the
functional consequences of implantation of large devices in
small patients or even of surgical closure.

Conclusions
Our study shows that positive cardiac remodelling occurs
very early after percutaneous closure of large ASDs, irrespec-
tive of the magnitude and duration of volume overload. Our
results raise questions about whether the historically
accepted approach of early treatment of large ASD should
be revised in the era of transcatheter closure. Our results
suggest that percutaneous ASD closure may be deferred until
later in life in potentially suitable but small patients, perhaps
during adolescence, when growth has progressed. This may
be a wise approach, awaiting more conclusive data about the
long term effects of ASD devices on the growing heart.
Longer term studies of larger cohorts, as well as using more
specific functional and biochemical end points, are still
required, however, before any definitive conclusion may be
drawn.31–34
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Epicardial adipose tissue imaged by magnetic resonance imaging: an important risk marker of
cardiovascular disease

A
54-year-old woman with diabetes mellitus II and obesity (body mass index (BMI)
40 kg/m2) was referred to the cardiology outpatient clinic because of reduced exercise
tolerance. Cardiac magnetic resonance imaging (MRI) (panel) was performed because

the echocardiographic examination was insufficient. Although no structural abnormalities of
the heart were found, an impressive amount of epicardial fat was seen.

Epicardial adipose tissue (EAT) is visceral fat deposited between the heart and the
pericardium. EAT correlates well with abdominal visceral adipose tissue. Visceral obesity is
closely linked to the metabolic syndrome, and appears to be a better predictor of cardiovascular
risk than subcutaneous (peripheral) fat, BMI or waist circumference. Even in patients with a
normal BMI visceral adipose tissue is a marker of cardiovascular events.

MRI is considered to be the gold standard for fat measurement. The distinction between
epicardial and pericardial fat can easily be made on cardiac MRI. EAT can easily be assessed on
routine cardiac MRI and may provide important additional information to the clinician.
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breath-hold gradient echo horizontal long axis
image view of the heart revealing an
impressive amount of epicardial fat (*). This is
an important indicator of cardiovascular risk.
O, subcutaneous fat; #, pericardial fat; .,
pericardium.
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